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1 Introduction
A new WI on LTE carrier aggregation enhancement beyond 5 carriers was approved in RAN#66 [1]. Our general views on the necessary enhancements to support up to 32 component carriers are shown in [2]. In this contribution, we discuss the HARQ-ACK transmission on PUCCH with up to 32 component carriers.

2 Discussion

2.1 Maximum number of HARQ-ACK feedback bits 
In Rel-10, to determine the maximum number of TDD HARQ-ACK feedback bits, TDD UL-DL configuration 2 with spatial bundling is assumed as the target configuration. For Rel-13 CA, the same principle can be kept. Therefore, for TDD, up to 128 HARQ-ACK feedback bits should be supported. It is noted that for TDD UL-DL configuration 5, up to 14 DL CCs can be aggregated. 

For FDD, the maximum number of HARQ-ACK feedback bits shall be 64. Therefore, up to 32 component carriers with one HARQ-ACK feedback bit per PDSCH transport block can be supported.
2.2 PUCCH format with larger payload size

To transmit a massive number of HARQ-ACK feedback bits, new PUCCH format(s) with larger payload size should be supported. Two alternative channel structures of new PUCCH format can be considered:

· Structure 1: PUSCH based structure
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Figure 1: Structure 1 – PUSCH based structure

· Structure 2: PUCCH format 3 based structure
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Figure 2: Structure 2 – PUCCH format 3 based structure
With QPSK, 288/240 coded bits can be transmitted in one RB pair by the above structures. With the same payload, Structure 1 has advantage on the lower coding rate. On the other hand, Structure 2 has two RSs in one slot, thus higher accuracy of channel estimation can be obtained.
Moreover, the following schemes can be further studied for the new PUCCH format(s):

· One PUCCH is transmitted on multiple PRB pairs

Once a PUCCH can be transmitted on multiple PRB pairs, lower coding rate for larger HARQ-ACK feedback bits can be achieved. However, a tradeoff analysis between coding rate and transmit power is needed to determine whether to support one PUCCH transmission on multiple RB pairs.
· Multiple spreading factors are used on different PRB pairs
The amount of HARQ-ACK feedback bits depends on the number of configured DL CCs. The numbers of HARQ-ACK feedback bits are different for UEs configured with different numbers of DL CCs. Using a single PUCCH format for different HARQ-ACK payload sizes will lead to excessive PUCCH overhead. To increase the multiplexing capacity, multiple spreading factors can be applied on different PRB pairs. With larger HARQ-ACK feedback payload, spreading factor can be set to 1. One example is shown in Figure 3.
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Figure 3: Different spreading factors are used on different PRB pairs
2.3 Additional HARQ-ACK bundling 

In Rel-10/11 CA, spatial HARQ-ACK bundling is used by both channel selection and PUCCH format 3. However, time-domain HARQ-ACK bundling is only used by channel selection. 
To allow carrier aggregation with more than 5 CCs to be applicable both cell interior and cell edge UEs, the following HARQ-ACK bundling can be considered:
· Time-domain HARQ-ACK bundling for PUCCH format 3 and/or new PUCCH format(s)
Method that can effectively reduce the number of transmitted HARQ-ACK bits without the ambiguity of last downlink assignment missing in bundling windows is recommendable.
· Frequency-domain bundling
Considering the system throughput loss caused by cross-carrier HARQ-ACK bundling, as shown in appendix [3], frequency-domain HARQ-ACK bundling is not supported in Rel-10/11. A potential method to effectively achieve frequency-domain bundling is that one TB is transmitted on multiple CCs with independent MCS, precoding and resource allocation. The procedure is shown in Figure 4. One additional advantage of this method is that PDCCH/EPDCCH bundling decodes may be reduced [4], since one DCI can schedule the transmission on multiple DL CCs.
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Figure 4: One TB is transmitted on multiple CCs with independent MCS, precoding and resource allocation
3 Conclusions
In this contribution, we discuss the HARQ-ACK transmission on PUCCH for Rel-13 CA with the following proposals:

Proposal 1: For FDD, up to 64 HARQ-ACK feedback bits should be supported.
Proposal 2: For TDD, up to 128 HARQ-ACK feedback bits should be supported.
Proposal 3: New PUCCH format with larger payload size should be supported. Following mechanisms could be further studied:

· One PUCCH is transmitted on multiple PRB pairs

· Multiple spreading factors are used on different PRB pairs
Proposal 4: Additional HARQ-ACK bundling should be applied to allow carrier aggregation with more than 5 CCs to be applicable for more UEs.
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5 Appendix

In the simulation, TDD UL/DL configuration 2 and a carrier aggregation system with 2 component carriers are assumed [3].
Table 1: DL spectral efficiency, SIMO, UMi, 3km/h

	
	Average SE
	5% cell edge SE

	
	Absolute value
(bits/s/Hz)
	Loss compared 
to Case 1
	Absolute value
(bits/s/Hz)
	Loss compared 
to Case 1

	No bundling
	2.038 
	0%
	0.132
	0%

	Time-domain bundling
	1.914 
	6.1%
	0.122 
	7.6%

	Cross-carrier bundling
	1.652
	19.0%
	0.104
	21.3%


Table 2: DL spectral efficiency, MIMO, UMi, 3km/h

	
	Average SE
	5% cell edge SE

	
	Absolute value
(bits/s/Hz)
	Loss compared 
to Case 6
	Absolute value
(bits/s/Hz)
	Loss compared 
to Case 6

	No bundling
	2.647
	0%
	0.076
	0%

	Spatial bundling
	2.445
	7.7%
	0.057
	25%
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